The aim of this study was to identify SNPs in leptin (LEP), leptin receptor (LEPR) and growth hormone (GH) genes
INTRODUCTION
Leptin and its receptor or growth hormone, as molecules affecting phenotypes of different traits in livestock, can be used as a genetic marker for enhancing the productivity of cattle and is also potential candidate for marker assisted selection in breeding strategies. Variation at DNA level contributes to the genetic characterization of livestock populations. Molecular genetics techniques currently available allow direct genotyping for candidate genes using PCR. Leptin (LEP) is a polypeptide hormone synthesized predominantly in the adipose tissue and affects a number of processes in the body. It is involved in maintaining the energy equilibrium by controlling food intake and energy expenditure, as well as in regulating reproductive functions and immune response (Zhang et al., 1994) . Leptin appears to affect the central reproductive axis through its own receptors and the neurotransmitter, neuropeptide Y. Leptin affects also the secretion of various pituitary hormones, including GH. The leptin gene is highly conserved across species, and is located on bovine chromosome 4q32. Its DNA sequence has more than 15 000 base pairs and contains three exons, which are separated by two introns (Stone et al., 1996) . Leptin is encoded by a single transcript of about 4.5 bp expressed primarily by adipose tissue. In cattle, leptin is expressed in the rumen, abomasums and duodenum before weaning, but only in the duodenum after weaning. The ruminant mammary epithelial cells also synthesize leptin during pregnancy and during established lactation (Leury et al., 2003) . SNP LEP/Sau3AI is situated in the second intron and results in amino acid change at position 2059 of the protein chain (cytosine, C to thymine, T). Effects of leptin are exerted trough six receptors isoforms, but only its longest form (LEPRb) is fully functional and responsible for most hormone physiological functions of leptin (Tartaglia, 1997) . A widespread expression of LEPR-b suggests that although most of leptin actions are mediated centrally, at the level of hypothalamus, it may also act in many peripheral tissues, including gonadal tissues (Silva et al., 2002) . LEPR gene is located on bovine chromosome 3. The leptin receptor gene consists of 20 exons divided over 1.75 Mb. Inside LEPR gene, Liefers et al. (2004) described a missense mutation T945M. It is a cytosine to thymine base substitution at position 115 in exon 20, which results in a substitution of the amino acid (threonine, T to methionine, M) at residue 945 of leptin. Bovine growth hormone (GH) is a single chain polypeptide produced in the anterior pituitary gland under the hypothalamic controls of two hormones: growth hormone releasing factor, which increases the secretion of GH, and somatotropin release-inhibiting factor which inhibits its secretion (Nicoll et al., 1986) . In ruminants, GH is known to be responsible for galactopoesis and for the persistency of lactation. Because it's necessary for tissue growth, fat metabolism and homeorhesis, thus, it has an important * e-mail: nina.moravcikova1@gmail.com *Presented at the 5th Central European Congress of Life Sciences "EUROBIOTECH 2013", Kraków, Poland. Abbreviations: FIS, FIT, FST, Wright's fixation indexes; GH/AluI, name of single nucleotide polymorphism in growth hormone gene; GH, growth hormone; He, heterozygosity; Ho, homozygosity; LEP, leptin; LEPR, leptin receptor; LEP/Sau3AI, name of single nucleotide polymorphism in leptin gene; LEPR/T945M, name of single nucleotide polymorphism in leptin receptor gene; Ne, effective allele number; PIC, polymorphic information content; PCR, polymerase chain reaction; RFLP, restriction fragment length polymorphism; SNP, single nucleotide polymorphism; Sau3AI, BseGI, AluI, restriction enzymes; TBE, electrophoresis buffer Vol. 60, No 4/2013 807-810 on-line at: www.actabp.pl role in reproduction, lactation and normal body growth (Svennersten-Sjaunja & Olsson, 2005) . GH gene with approximately 1800 bp length, five exons and four introns is a part of multiple gene family that contains prolactin and placental lactogenes and assigned with chromosome region 19q26 in bovine genome. Flanking repeat sequences of GH gene regulate the expression of a gene. Lucy et al. (1993) reported a polymorphic site for AluI restriction endonuclease, localized in exon 5 in bovine GH gene and characterized by the substitution of cytosine for guanine at position 2,141 caused an amino acid change from leucine to valine at residue 127. The aim of this study was to detect SNPs in genes encoding leptin, leptin receptor and growth hormone, and analyses of genetic diversity and structure of Slovak Spotted cows populations based on alleles and genotypes frequencies of these genetic markers.
MATERIAL AND METHODS
Animals and DNA extraction method. Biological samples were collected from 353 Slovak Spotted cows originating from four farms. Genomic DNA for genotyping was extracted from blood samples with isolation kit NucleoSpin Blood (Macherey-Nagel). DNA concentrations were estimated by spectrophotometer measuring the optical density at wave length of 260 nm.
Analyses of single nucleotide polymorphisms. Genotype analyses were performed using the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method. A 422 bp fragment of intron 2 in bovine LEP gene was amplified by PCR using forward and reverse primers according to Liefers et al. (2002) and PCR products of exon 20 of the bovine LEPR gene sequence with length 197 bp were carried according Almeida et al. (2008) . The polymerase chain reaction was performed in a 25 µl reaction mixtures, containing: 1 x PCR buffer (NH 4 ) 2 SO 4 , 1.5 mM MgCl 2 , 2 mM dNTPs, 8 pM primers (Generi-Biotech), 1 U Tag DNA polymerase (Fermentas), 50 ng genomic DNA and 1 × PCR buffer (NH 4 ) 2 SO 4 , 2 mM MgCl 2 , 2 mM dNTPs, 8 pM primers (Generi-Biotech), 1 U Tag DNA polymerase (Fermentas), 50 ng genomic DNA for the LEP and LEPR gene, respectively. Thermal cycling conditions included: an initial denaturation step at 95°C for 5 min, followed by 35 cycles of 95°C for 30 sec, 55°C for 20 sec, 72°C for 30 sec and a final extension at 72°C for 7 min; at 94°C for 3 min, followed by 40 cycles of 94°C for 30 sec, 53°C for 1 min, 72°C for 30 sec and extension at 72°C for 5 min for the LEP and LEPR genes, respectively. A 428 bp fragment of exon 5 in bovine GH gene was amplified by PCR using forward and reverse primers according to Balogh et al. (2009) Generi-Biotech) , 1 U Tag DNA polymerase (Fermentas) and 50 ng genomic DNA. Thermal cycling conditions included: an initial denaturation step at 94°C for 1 min, followed by 30 cycles of 94°C for 30 sec, 53°C for 30 sec, 72°C for 30 sec and a final extension at 72°C for 5 min.
PCR products of bovine genes were digested with FastDigest restriction enzymes: GH gene -1 µl AluI, LEP gene -1 µl Sau3AI and LEPR gene -1 µl Bse-GI at 37°C in time 10 min. The digestion products were separated by horizontal electrophoresis in 3% agarose gels in 0.5 × TBE (130 V for 40 min) stained with GelRed (Biotium) prior to visualization under UV light.
Statistical analysis. The allele and genotype frequencies of LEP, LEPR and GH genes were estimated by direct counting and the differences of the observed and expected frequencies of genotypes were tested using Chi-square (χ2) test in order to verify if the population was in Hardy-Weinberg equilibrium. Genetic indices of populations, including observed and expected genes heterozygosity (He), homozygosity (Ho), effective allele numbers (Ne) and fixation indexes (FIS, FIT, FST) were performed by Popgene32 software version 1.3 (Yeh et al., 2000) . Moreover, polymorphism information content (PIC) was calculated according to Botstein et al. (1980) . The genetic distances Ds and Da between two breeds based on the frequency of alleles were calculated using the GeneticDistance software (Kalinowski, 2002) according to Nei's methods (Nei, 1978; Nei, 1987) .
RESULTS
In Table 2 are presented frequencies of individual alleles and genotypes in the analyzed populations of Slovak Spotted cows. The highest frequencies were observed for LEP/Sau3AIAA, LEPR/T945MCC and GH/AluILL homozygotes, lower for heterozygous LEP/Sau3AIAB, LEPR/T945MCT and GH/AluILV genotypes, and lowest for the homozygous LEP/Sau3AIBB and GH/AluIVV genotypes. LEPR/T945MTT homozygous genotype was not detected in analyzed group of cows. Populations of Slovak Spotted cows were in Hardy-Weinberg equilibrium (p>0.05). Only in one case Hardy-Weinberg disequilibrium was observed, caused by the differences between the observed and expected frequencies of GH/ AluI genotypes.
The observed heterozygosity, effective allele numbers and polymorphism information content of SNPs LEP/Sau3AI, LEPR/T945M and GH/AluI in analyzed populations are presented in Table 3 . According to the classification of polymorphic information content cows Table 3 ). Provided that the in biallelic system both alleles result in the genotypes creation is threshold value of Ne 2,000. Comparison of loci Ne showed higher effective allele numbers across populations in locus GH/ AluI (Table 3) .
Observed Wright's fixation indexes (FIS and FIT) show negative value across SNPs (Table 4) . These negative values represent slight excess of heterozygote compared with Hardy-Weinberg equilibrium expectations. These values observed for investigated markers suggest (values close to zero) a condition of equilibrium in the population as confirmed by the results of χ 2 test used to verify Hardy-Weinberg equilibrium. The value of FST represents the degree of gene differentiation among populations in terms of allele's frequencies. In case of analyzed markers low differences between allele's frequencies in populations of cows were detected. The highest value was identified for marker GH/AluI (Table 4) . Based on these results can be said, that the genetic differentiation between Slovak Spotted cows populations of different breeding is moderate. Nei's genetic distances were used to investigate genetic differences between Slovak Spotted cow's populations originating from four breeding. The low values of genetic distances (0.0018-0.0159) indicated high genetic relatedness among analyzed individuals.
DISCUSSION
Our results showed that analyzed populations of Slovak Spotted cows are in equilibrium for the detected markers. No evidence of inbreeding was found for all markers according to the results obtained from analysis of averaged FIS across populations, but this index does not directly detect inbreeding. However, an increase in the fraction of homozygotes (with a positive FIS) would be expected. FIS represents the average deviation of the population genotypic proportions from Hardy-Weinberg equilibrium for a locus. It is worth noting that FIS is not equivalent to the coefficient of inbreeding except the unlikely event that inbreeding alone is responsible for departures from Hardy-Weinberg equilibrium. A great similarity between populations of cows was shown by FST results based on the differences between allele's frequencies of analyzed markers. The comparatively low values of genetic distances between cow's populations may indicate, that the populations analysed originate from a common ancestor or inhabited neighbouring geographical regions and thus a frequent exchange of genes could take place. Similarities between examined populations could be caused also by the fact that their selection was conducted in a similar way (similar type of breeding program). For further studies should be carried out concerning LEP/Sau3AI, LEPR/T945M and GH/AluI polymorphisms in other dairy breeds in order to compare the allele frequencies and find for a possible relationship with the different production and reproduction traits. Finally, it is important to emphasize that SNPs could be investigated also as useful instruments for population studies.
